Introduction {#Sec1}
============

Angiogenesis plays a crucial role in the pathogenesis of some gynecological diseases including endometriosis and malignant tumors. The formation of new blood vessels is achieved by a sprouting from preexisting vessels and requires proliferation and migration of endothelial cells (EC). Physiological angiogenesis is reserved for just a few particular events in human life: fetal development, menstruation cycle and wounds repair. The other aspect of angiogenesis (apart from physiology) is the participation in the pathogenesis of some disorders for which cellular growth is a common feature. The Folkman's basic theory states that each tumor over 1--2 mm^3^ must gain access to vasculature for further growth \[[@CR1]\]. The control of angiogenesis is achieved through the balance between both pro- and anti-angiogenic factors, with a dominant shift to proangiogenic in course of malignant diseases. Hypoxic conditions are a well-known stimulator of angiogenesis, mainly acting through hypoxia-inducible factor-1α (HIF-1α) which directly activates the expression of pro-angiogenic proteins like vascular endothelial growth factor (VEGF), vascular endothelial growth factor receptor-1 (VEGFR-1), tyrosine kinase with immunoglobulin-like and EGF-like domains 2 (TIE-2) receptor and many others \[[@CR2]\]. There is a lot of proof that hypoxia is not alone, inflammation also plays a regulatory role in angiogenesis. Not surprisingly, as inflammation accompanies tumors in a primary site as well as in metastases \[[@CR3]\]. Moreover, the inflammatory process influences EC, fibroblasts and other compounds of extracellular matrix (ECM) with the same molecular mechanisms as observed during angiogenesis \[[@CR4]\]. The interaction between tumor cells, the inflammatory process and angiogenesis can overlap each other, thus it is not so easy to discuss them separately. In this paper, we will focus on the mechanisms which can be recognized as inflammation-associated angiogenesis in gynecological cancers.

Immunocompetent cells in tumor vicinity {#Sec2}
=======================================

Phenotypic features of the tumor are one of the determinants defining the potential to growth. Nevertheless, the microenvironment must be "cooperative" to give a base for this growth. This cooperation is achieved through autocrine and paracrine stimulation of tumor cells together with neighbouring fibroblasts and inflammatory cells, thus creating a complex network of overlapping interactions within the tumor microenvironment (Fig. [1](#Fig1){ref-type="fig"}).

Fig. 1A complex interaction among inflammatory antitumor cells (TAM M1, TAN N1), their products, tumor surrounding including ECM and inflammatory protumor cells (mast cells, TAM M2, TAN N2). Cytokines, interleukins and growth factors are released in hypoxic environment of tumor from both tumor and immunocompetent cells, leading to angiogenesis and autocrine stimulation of macrophages and neutrophils. Angiogenesis is driven directly by the release of proangiogenic factors like VEGF and bFGF from inflammatory cells and indirectly by degradation of ECM and delivery of entrapped angiogenic chemokines or by stimulation of tumor cells to production of VEGF and other chemokines. Tumor cells produce chemokines that participate in a transformation of M1 and N1 cells to their "bad" analogues, conversely M2 and N2, stimulate mast cells to angiogenic activity and stimulate a specific type of neutrophils (Gr1+) to VEGF-independent angiogenesis. For further explanation see text. *TAM M1* tumor-associated macrophages type 1, *TAN N1* tumor-associated neutrophils type 1, *ECM* extracellular matrix, *TAM M2* tumor-associated macrophages type 2, *TAN N2* tumor-associated neutrophils type 2, *MC* mast cells. Graphic was made with the use of Affinity Designer

Numerous immune cells were found in the tumor surroundings. These include: macrophages, which seem to be dominant, then neutrophils and mast cells; while on the other side of "the barricade" there are lymphocytes---their presence seems to be a positive prognostic factor \[[@CR5]\]. The comprehensive lists of immunocompetent cells and their function is given in Table [1](#Tab1){ref-type="table"} and broadly explained below.

Table 1Different functions of immunocompetent cells in the facet of angiogenesis and their role in gynecological tumorsCell typeStimulatorFunctionTumor type and specific roleReferencesTAM M1INF-γ\
TNF-αRelease of reactive oxygen species and nitric oxide to provide cytotoxic effect, release of IL-12, IL-23 to induce Th1 antitumor responseOvarian cancer---accumulation improves prognosis; decreased angiogenesis, tumor regression\[[@CR6]\]\
\[[@CR9]\]\
\[[@CR26]\]\
\[[@CR33], [@CR34]\]\
\[[@CR42]\]TAM M2TGF-β\
IL-4\
IL-13\
CCL2\
Hypoxia\
CSF-1\
Tumor cytokines\
Il-6, VEGFRelease of VEGF, EGF, and FGF to promote tumor growth and angiogenesis\
Synthesis of MMP-7 and MMP-9Cervical cancer---increased angiogenesis, increased lymphangiogenesis, worse response to treatment and worse overall survival\
Endometrial cancer---correlation with loss of differentiation; increased angiogenesis, lower progression free survival\
Ovarian cancer---poor prognosis correlates with M2 stimulation\[[@CR10]\]\
\[[@CR12]\]\
\[[@CR19]\]\
\[[@CR20]\]\
\[[@CR21]\]\
\[[@CR22]\]\
\[[@CR23], [@CR24]\]\
\[[@CR27]--[@CR29]\]\
\[[@CR30]\]\
\[[@CR31]\]\
\[[@CR32]\]\
\[[@CR43]\]TANCXCL1, CXCL2\
INF- γ, TNF-α\
G-CSF\
IL-8Intracellular VEGF release\
MMP-9 synthesis\
Release of Bv8\
Release of CXCL8Cervical cancer---low recurrence-free survival correlates with accumulation of TANs\
Ovarian cancer---increased angiogenesis\
Endometrial cancer---increased tumor growth\[[@CR47], [@CR49], [@CR50]\]\
\[[@CR53]\]\
\[[@CR56]\]\
\[[@CR59]\]\
\[[@CR62]\]\
\[[@CR61]\]\
\[[@CR64]\]CD11^+^Gr1^+^ neutrophilsG-CSFAlternative to VEGF angiogenesis pathwayAnimal models only\[[@CR55]\]Mast cellsHypoxia\
IgE\
Adenosine\
CRHRelease of\
Histamine, chymase, tryptase\
Leukotrienes, prostaglandins\
Cytokines: IL-1α, IL-1β, IL-3, IL-4, IL-5, IL-6, IL-9, IL- 10, IL-12, IL-13, IL-15, IL-16, IL-18, IFN-α, TGF-β, VEGF\
Autocrine stimulation with CCL2, CXCL1, CXCL10, PGE~2~, histamine, VEGF, Ang1, CXCL8/IL-8Endometrial cancer---poor prognosis, loss of differentiation with accumulation of mast cells\
Cervical cancer---tumor progression, increased angiogenesis and invasiveness\
Ovarian cancer---better prognosis\[[@CR68]\]\
\[[@CR70]\]\
\[[@CR73]\]\
\[[@CR75]\]\
\[[@CR76]\]\
\[[@CR77]\]\
\[[@CR78]\]\
\[[@CR80]\]TILs-Treg FoxP3+?Positive correlation with vascular densityCervical cancer---decreased overall survival\
Endometrial cancer---increased angiogenesis with no impact on survival\[[@CR89]\]\
\[[@CR87]\]*?* unknown

Tumor-associated macrophages {#Sec3}
----------------------------

Tumor-associated macrophages (TAM) are dominant immune cells present in a solid tumor, even totaling up to 50% of the volume \[[@CR6]\]. The population of TAM can be heterogeneous and the probable reason are different levels of hypoxia in different sites of the tumor \[[@CR7], [@CR8]\]. Two major phenotypes of TAM are distinguished: M1 and M2. M1 represents the classically activated macrophages, which suppress tumor growth, while the M2 phenotype, with an alternative route of activation, is believed to play a stimulatory role in tumor development. M1 TAM are activated with interferon-γ (INF-γ) and tumor necrosis factor-α (TNF-α) to provide a cytotoxic effect against tumor cells after the release of reactive oxygen species and nitric oxide. TAM M1 are characterized by a relevant expression of major histocompatibility complex proteins class II and production of interleukin 12 (IL-12) and interleukin 23 (IL-23) to induce Th1 lymphocytes response \[[@CR9]\]. Contrary, M2 TAM are activated with transforming growth factor beta (TGF-β), interleukin 4(IL-4) and interleukin 13 (IL-13) to release a set of growth factors: VEGF, epidermal growth factor (EGF), and fibroblast growth factor (FGF); thus promoting angiogenesis and tumor growth \[[@CR10]\]. Hypoxia, colony stimulating factor 1 (CSF-1), TGF- β, IL-4 and IL-13 are able to enhance the switch of TAM from M1 to M2 phenotype, thus changing the M1/M2 ratio while tumor progression \[[@CR11]\]. HIF-1α induces transcription of C--X--C motif receptor-4 (CXCR-4) and its specific C--X--C motif ligand 12 (CXCL12). The interaction between CXCR-4 and CXCL12 enhances the concentration of macrophages within the hypoxic area of a tumor \[[@CR12]\]. Some authors reported also a HIF-1α-dependent transcription of VEGF-A within macrophages \[[@CR13]\]. However, it should be stated that categorization for M1 and M2 population is a just a simplifying tool which shows the extreme poles of TAM, while TAM seem to present many intermediate phenotypes sharing both M1 and M2 markers.

One of the major stimulators for macrophage proliferation, as well as a chemotactic factor is CSF-1. Some therapeutic strategies focusing on the blockade of the CSF-1 function were used in several models of cancer, resulting in delayed cancer development together with a decreased number of TAM \[[@CR9], [@CR14]\]. A relevant chemotactic factor for TAM is chemokine C--C motif ligand 2 (CCL2), referred also as monocyte chemoattractant protein-1 (MCP-1), which positively correlates with TAM accumulation in many solid tumors \[[@CR15], [@CR16]\]. CCL2 can be released not only by TAM, but by EC, fibroblasts and tumor cells as well \[[@CR17]\]. The most relevant transcription factor of CCL-2 is nuclear factor-κB (NFκB), which main role is associated with prevention of tumor cells, from apoptosis \[[@CR18]\]. Tumor-derived CCL2 increases polarization of macrophages into the M2 population \[[@CR19]\]. A blockade of CCL2 with specific antibodies in mice models showed inhibition of tumor growth, again together with the lower number of TAM \[[@CR20]\].

TAM roles depend on their phenotype. Polarization towards M2 phenotype means that aside from the loss of the inflammatory function, M2 macrophages start to release tumorigenic and angiogenic mediators: VEGF-A, basic fibroblast growth factor (bFGF), urokinase plasminogen activator (uPA) and adrenomedullin as well as numerous proangiogenic chemokines: CXCL1, CXCL8, CXCL12, CXCL13, CCL2 and CCL5 \[[@CR21], [@CR22]\]. TAMs synthesize VEGF after being induced by hypoxia the in HIF-1α-related pathway, which results in vessels sprouting to avascular regions of the tumor \[[@CR13], [@CR21]\]. Hypoxia stimulates TAMs to synthesis of proteolytic enzymes such as matrix metalloproteases (MMP): MMP-1, MMP-7 and MMP-9 which are involved in the degradation of ECM for cell migration and release of sequestrated VEGF from ECM \[[@CR23], [@CR24]\]. Next, secretion of phospholipase A~2~ on site of cancer-related-inflammation results in further release of VEGF family from TAM \[[@CR25]\].

Accumulation of TAMs in a vicinity of a tumor is a characteristic finding in gynecologic tumors as well. Prevalence of M1 or M2 TAMs seems to be correlated with the tumor aggressiveness and prognosis. In ovarian cancer tissue, high ratio of M1--M2 phenotype is associated with better prognosis. Moreover, the ratio is lowered as the disease progresses \[[@CR26]\]. A similar relationship is found in cervical cancer, where angiogenesis is positively correlated with TAMs accumulation \[[@CR27]\]. The number of M2 macrophages is increased due to chemokines released from tumor cells: Il-6, IL-4, VEGF, TGF-β. As these cytokines share proangiogenic properties, the neovascularization is augmented both with a direct cytokine effect and the M2 activity \[[@CR28]\]. It seems, that lymphangiogenesis can also be stimulated by the interaction between M2 macrophages and cervical cancer cells \[[@CR29]\]. For patients with locally advanced cervical cancer treated with chemoradiation, the low ratio of M1/M2 macrophages is a negative prognostic factor as it is correlated with poor pathological response and worse 5-year overall survival \[[@CR30]\]. For endometrial cancer, together with a lower differentiation, indicated by low progesterone receptor expression, increased concentration of TAMs within tumor stroma is characteristic \[[@CR31]\]. A direct association of TAMs and tumor angiogenesis was shown in the endometrial cancer: high vascularity and deeper invasion was observed in those tumors which possessed higher number of TAMs, finally resulting in lower progression-free survival \[[@CR32]\]. Inducing repolarization back to M1 phenotype through natural products like Neferine (an alkaloid from Nelumbo nucifera Gaertn.) or deoxyschizandrin (extracted from Schisandra berries) decreased the formation of new vessels in ovarian cancer models \[[@CR33], [@CR34]\]. Chemokines responsible for TAMs recruitment are also active in gynecological cancers. A high concentration of CSF-1 in endometrial cancer is a prognostic factor for poor overall survival \[[@CR35]\]. Inhibition of CSF-1 function by blockade of their specific receptor, decreases the production of ascitic fluid and concentration of M2 macrophages in mice model of ovarian cancer \[[@CR36]\]. Another chemokine, CCL-2 was proven to be responsible for migration and adhesion of ovarian cancer cells \[[@CR37]\]. A CCL2 level is positively correlated with TAMs concentration in ovarian cancer tissues \[[@CR38]\]. A CCL2 transcription in ovarian cancer cells is regulated by the NFκB, which is highly increased in high-grade ovarian cancers. An inhibition of NFκB signaling suppresses angiogenesis and increases efficacy of anti-cancer therapy \[[@CR39]--[@CR41]\]. NFκB signaling is also directly associated with TAMs; specific disruption of this pathway in ovarian cancer model leads toward inversion of TAMs phenotype back to the M1 population together with tumor regression \[[@CR42]\]. Finally, the angiogenic activity of TAMs after stimulation with phospholipase A~2~, is related to a poor prognosis of patients with ovarian cancer \[[@CR43]\].

Neutrophils in tumor surroundings {#Sec4}
---------------------------------

Neutrophils are less numerous in the tumor microenvironment than TAM, nevertheless they can influence the activity of macrophages by releasing many cytokines, thus influencing tumor growth. Aside from the "classical" role, they are proposed to be important players in malignant transformation and progression of a tumor, influencing neovascularization as well \[[@CR44]\]. It is suggested that, while the tumor grows and acquires a more aggressive phenotype, the neutrophils in the tumor vicinity lose their cytotoxic properties and become more tumorigenic. This change is observed together with spatial relocation of neutrophils from the tumor periphery to the inner part \[[@CR45]\]. It has been proposed to distinguish two different populations of tumor-associated neutrophils (TAN), similarly to TAM: N1 and N2 phenotype according to their anti- and pro-tumorigenic properties, anyhow some differences should be noticed. A tumor microenvironment influences TAN to acquire N2 phenotype and it is questionable if this polarization is reversible like in the TAM population \[[@CR46]\]. TAN have a double origin which covers converted neutrophils transferred directly from bone marrow and granulocytic myeloid-derived suppressor cells (G-MDSC) attracted to the tumor, analogously to the TAM population \[[@CR47]\]. Nevertheless, it is not clear which group is the main source for further transformation towards the N2 phenotype, mainly driven by TGF- β \[[@CR48]\].

The recruitment of TAN is achieved through the release of specific chemokines from the tumor microenvironment---CXCL1, CXCL2; cytokines---INF- γ, TNF-α; growth factors---granulocyte colony stimulating factor (G-CSF) and presence of specific adhesion molecules on the EC surface \[[@CR47], [@CR49]\]. Most chemoattractants act through receptors CXCR1 an CXCR2, which are widely expressed on the neutrophils membrane. These are not only the tumor cells which participate in TAN recruitment, but others like TAM and T-regulatory lymphocytes, the latter acting through CXCL8 \[[@CR50]\].

Neutrophils can be involved in angiogenesis by the release of largely stored intracellular VEGF following after stimulation with various factors \[[@CR51]\]. The synthesis of VEGF mRNA is low in mature neutrophils, while it has been observed that TANs are potent to increase VEGF mRNA synthesis in the tumor microenvironment. Nevertheless, it seems that the main angiogenetic activity of neutrophils is associated with an indirect influence on the concentration of VEGF and other proangiogenic factors through extracellular matrix \[[@CR52]\]. The release of matrix metalloproteinase-9 (MMP-9) from TANs is essential to the remodelling of ECM to facilitate the sprouting of EC. What is also important is that, MMP-9 is also involved in the deliberation of TGF-β, bFGF and VEGF, as they have been sequestrated within the ECM \[[@CR53]\]. Blockade of Gr1^+^ positive cells with specific antibodies results in decreased neoangiogenesis in animal models \[[@CR54]\]. Accumulation of CD11^+^Gr1^+^ neutrophils within tumor tissue is a characteristic feature of tumors, which start their resistance to anti-VEGF therapy. G-CSF released from tumor cells stimulates migration of CD11^+^Gr1^+^ neutrophils towards tumor tissue. G-CSF stimulates the release of proangiogenic factors other than VEGF, thus creating the escape from anti-VEGF therapy \[[@CR55]\]. Bv8 or prokineticin has recently been recognized as a new proangiogenic factor. Interestingly, upregulation of Bv8 synthesis was found within TANs after stimulation with G-CSF \[[@CR56]\]. Bv8 increases proliferation, migration and survival of EC as well as acting as a chemoattractant for neutrophils \[[@CR57]\]. Another cytokine released by neutrophils is CXCL8 which, away from its chemotactic activity, induces proliferation and migration of EC. The main angiogenetic effect is achieved by the binding of CXCL8 to CXCR1 and CXCR2 receptors \[[@CR58]\]. Neutrophils secrete CXCL8 after stimulation with different cytokines released from the tumor \[[@CR59]\]. The direct interaction between TANs and neoplasm cells results in an autocrine bidirectional stimulation. Tumor cells release GM-CSF, which stimulates synthesis and release of oncostatin M by neutrophils. Oncostatin M gives the return signal to tumor cells for additional secretion of VEGF-A \[[@CR60]\].

In gynecological tumors recruitment of TAN to tumor microenvironment is stimulated by tumor cells in a similar manner, as it is characteristic for other tumors. The presence of TANs, disregarding the angiogenetic effect, can be an independent prognostic factor in cervical carcinoma---high index of CD66b^+^ neutrophils to CD8^+^ lymphocytes was related with shorter recurrence-free survival \[[@CR61]\]. Ovarian cancer cells provoke recruitment of TANs to the tumor microenvironment by secreting large amounts of CXCL8 (IL-8), which can bind to both CXCR1 and CXCR2 \[[@CR62]\]. CXCL8 levels in ascites due to ovarian cancer, positively correspond to angiogenetic effectiveness \[[@CR63]\]. Endometrial cancer cells are also positive for CXCR1 and CXCR2, and CXCL8 exerts its mitogenic effect through these receptors \[[@CR64]\]. One of the reasons for failure in advanced ovarian cancer is the escape from antiangiogenic therapy, and both CXCL8 and Bv8 synthesis by TANs has been suggested to be one of the participants \[[@CR65]\]. Despite the fact, that Bv8 is involved in placental development as well as in ovarian angiogenesis, there is little evidence for its participation in both endometrial and ovarian cancer, while there are some other adenocarcinomas recognized where Bv8 has been proven to exert an angiogenetic effect \[[@CR66]\]. Bv8 is produced by stromal cells within ovarian tumors but no significant correlation with progression of disease has been found \[[@CR67]\]. Concluding the role of TANs in tumors development, it is mainly associated with influencing the tumor microenvironment rather than individual cells. Nevertheless, it is very difficult to precisely separate the activity of TANs from other tumor-associated cells e.g. TAMs or mast cells and the role of chemokines released from TANs still remains to be well defined.

Mast cells and basophils {#Sec5}
------------------------

Tissue mast cells together with circulating basophils possess the unique tetrameric receptor for IgE having a well-defined role in pathogenesis of allergic diseases. They produce three types of mediators: (1) pre-synthesized and stored substances like histamine, tryptase, chymase; (2) newly synthesized lipid-derived substances like leukotrienes and prostaglandins; (3) cytokines: IL-1α, IL-1β, IL-3, IL-4, IL-5, IL-6, IL-9, IL- 10, IL-12, IL-13, IL-15, IL-16, IL-18, IFN-α, TGF-β,VEGF, chemokines, nitric oxide and oxide radicals \[[@CR68]\]. Activation of the IgE receptor or adenosine receptor, hypoxia and corticotrophin-releasing hormone (CRH) enhance the release of VEGF and IL-8. Moreover, VEGF-R1 and VEGF-R2 receptors are present on the surface of mast cells, actively participating in the chemotaxis of mast cells to the inflammatory site \[[@CR69]\]. Peritumoral density of mast cells is increased in a similar mechanism. Chemotactic cytokines released from a tumor microenvironment i.e. CCL2, CXCL1, CXCL10, PGE~2~, histamine, VEGF, angiopoietin 1 (Ang1), CXCL8/IL-8 attract mast cells from the vicinity and recruit them from circulation \[[@CR70]\]. However, it still remains unclear what is the exact role of mast cells in tumor development. Mast cell presence is observed especially where new vessels form, indicating their stimulatory role in neoangiogenesis \[[@CR71], [@CR72]\]. Mast cells can produce MMP-9 and other proteolytic enzymes, specifically chymase and tryptase, which are able to digest ECM to facilitate tumor invasion \[[@CR73]\]. Activation of mast cells coincides with the angiogenic switch in squamous carcinomas \[[@CR74]\]. Activation of mast cells is done by tumor cells, other immunocompetent cells in the vicinity and, finally, on the autocrine way by themselves. First hypoxia, a distinctive feature of tumor, stimulates a release of VEGF and IL-6 from mast cells \[[@CR75]\]. Adenosine released from tumor cells and mast cells, and PGE~2~ induced by tumor cyclooxygenase increase histamine synthesis as well as VEGF and other angiogenic cytokines in mast cells \[[@CR76]\].

Both human and experimental models show different results in different types of cancer. Mast cell density was described as an indicator of poor prognosis in endometrial and cervical cancer, while one study concerning ovarian carcinoma showed that increased mast cell density was associated with better prognosis \[[@CR77], [@CR78]\]. Concerning the fact that mast cells release VEGF and other proangiogenic cytokines, it comes as no surprise that their presence supports a development of a tumor. The mean vessels density positively correlates with mast cells density and tumor progression in both the cervical dysplasia and carcinoma \[[@CR79]\]. A less differentiated type of endometrial cancer, when compared to well-differentiated types, is characterized with increased density of mast cells and a closer location of mast cells to the blood vessel. Some experimental studies confirm the stimulatory effect of the mast cell histamine on tumor cells invasive ability: HPV18-positive cervical carcinoma cells migration was accelerated in the presence of mast cells and inhibited with histamine receptor − 1 (H~1~R) inhibitors \[[@CR80]\]. On the other hand, some authors did not prove the clinical correlation between the number of mast cells, stage of the disease and the development of a vessel network in endometrial cancer \[[@CR81]\]. It should be stated, however, that the study was done on a relatively small number of cases which could decrease the statistic power of the study. The role of mast cells in tumor development, however, needs further investigation. It seems to be mostly associated with the provision of pro-angiogenic factors which facilitate tumor growth.

Tumor-infiltrating lymphocytes {#Sec6}
------------------------------

The emerging role of lymphocytes infiltrating the tumor tissue (TILs---tumor-infiltrating lymphocytes) provides modern oncology with an increasing number of proofs for anti-tumor T-cell response, better than other non-infiltrating lymphocytes. TILs are mainly represented by CD3+ CD4+ (helper) and CD3+ CD8+ (cytotoxic) T cells \[[@CR82]\]. Generally, in most of solid tumors, TILs are responsible for direct cytotoxic activity and indirect activation of immunologic response against tumor cells. Their presence is a positive predictor of response to chemotherapy and good prognostic factor for overall survival (OS) in many tumors like: neck and head squamous carcinoma, melanoma, lung cancer, breast cancer \[[@CR83], [@CR84]\].

Li et al. published a meta-analysis of 21 studies including the overall number of 2903 patients with ovarian cancer and found a significant correlation between some types of TILs and both progression-free survival (PFS) and overall survival (OS). Specifically, the presence of CD3+ and CD8+ TILs in epithelial tissue was a good prognostic marker, while the stromal TILs had no impact on PFS nor OS \[[@CR85]\]. These "good" lymphocytes trigger an immunologic response against tumor cells mainly by direct cell-to-cell contact, being supported by another subtype of lymphocytes---CD103+ \[[@CR86]\]. The activity of TILs in cervical cancer and endometrial cancer is less known. However, it is postulated, that decreased survival in cervical cancer is associated with the domination of Treg FoxP3+ lymphocytes over CD103+ lymphocytes, while the latter are a good biomarker for HPV-targeted immunotherapy \[[@CR87], [@CR88]\]. A similar finding was found for endometrial cancer. An infiltration of tumor tissue with FoxP3+ lymphocytes positively correlated with vessel density although there was no significant impact on prognosis \[[@CR89]\]. The presence of CD103+ lymphocytes in endometrial tumors were associated with improved prognosis and this effect was especially characteristic for high-risk endometrial cancer \[[@CR89]\]. However, most of the authors highlight the direct activity of TILs against cancer cells, not their antiangiogenic effect. The association between proangiogenic activity of some subpopulations of TILs, like FoxP3+, is rather due to the co-occurrence of the immunologic switch together with the progression of a tumor than its direct influence of TILs to angiogenesis.

The role of extracellular matrix {#Sec7}
================================

Components of ECM serve as a scaffold for many cells (tumor, macrophages and endothelial) to create a structural support for them. Nevertheless, the role of ECM components is much more complex as individual glycoproteins of ECM are actively involved in cell-to-cell interactions including the effect of immune cells on angiogenesis. The summation of the role of ECM proteins on the angiogenesis is given in Table [2](#Tab2){ref-type="table"}. Proteolytic fragments of elastin created by MMP-9, denatured collagen I and fibronectin are chemoattractants for other monocytes and macrophages \[[@CR90], [@CR91]\].

Table 2The compounds of extracellular matrix that participate in angiogenesis and their role in gynecological tumorsECM proteinCellular receptorAngiogenic effectTumor type and specific roleReferencesTenascin\
SIBLING\
CCN familyαvβ3-integrin in ECStimulation of endothelial cells proliferation and survivalOvarian cancer---worse prognosis\
Cervical cancer---increased angiogenesis\
Endometrial cancer---worse prognosis\[[@CR97]\]\
\[[@CR99], [@CR102]\]\
\[[@CR104]\]\
\[[@CR103]\]Osteopontinα9β1-integrin in TAMInducing of cyclooxygenase expression\[[@CR98]\]α9β1-integrin in ovarian cancer cellsActivation of the PI3-K/Akt pathwayOvarian cancer---promotes tumor survival\
Cervical cancer---increases invasiveness\[[@CR100]\]\
\[[@CR101]\]LMWHATLR-2 and TLR-4 in macrophagesIncreasing the synthesis of MMP-12, IL-10 and IL-12\[[@CR107]\]CD44 and receptor for HA-mediated motility in endothelial cellsStimulation of EC proliferation and their increased motility\[[@CR108]\]Mucinous and clear cell ovarian cancer---high activity of hyaluronidase\
Endometrial and serous ovarian cancer, endometrioid endometrial cancer---low activity of hyaluronidase\[[@CR113]\]\
\[[@CR114]\]\
\[[@CR115]\]Fibronectinα5β1-integrin\
αvβ3-integrin both in ECProlongation of EC survivalOvarian cancer---worse prognosis\[[@CR118]\]\
\[[@CR121]\]ThrombospondinCD36 and CD47 both in ECNegative: inhibits the proliferation of EC and stimulate their apoptosisNegative correlation with tumor aggressiveness\[[@CR124]\]\
\[[@CR125]\]\
\[[@CR129]\]α6β1-integrin in TAMNegative: polarization towards M1 type\[[@CR130]\]

Collagen {#Sec8}
--------

Formerly, collagen was thought to be a natural barrier against tumor invasion. However, these tumors which are characterized with increased collagen synthesis are more aggressive and rich in blood vessels, thus suggesting that collagen rather promotes invasiveness and angiogenesis \[[@CR92]\]. It is observed that, during growth of ovarian cancer implants, TAMs upregulate genes that are responsible for ECM remodeling, namely lumican and lysyl oxidase \[[@CR93]\]. They are both involved in the organization of collagen structure and cross-linking of ECM proteins \[[@CR94]\].

Reorganization of collagen structure has been proved to be associated with poor prognosis of serous ovarian cancer patients \[[@CR95]\]. An interesting finding was provided by Ames at al. They found that RDG collagen epitope, generated during proteolytic degradation of ECM, may be responsible for the induction of angiogenesis and inflammation. This can be achieved by the stimulation of mechanical activation of αvβ3 integrin, next the Src-dependent phosphorylation of p38 MAPK (mitogen-activated protein kinase) and finally, the promotion of nuclear accumulation of the Yes-associated protein (YAP) thus enhancing endothelial cell growth \[[@CR96]\].

Integrin ligands {#Sec9}
----------------

Integrins are common transmembrane receptors consisting of α- and β-subunits that mediate cell-to-cell and cell-to-ECM adhesive interactions. Nevertheless, their role is not limited to a structural function. They also mediate transduction of signals from the ECM to the cell interior and backwards. They participate in angiogenesis, lymphangiogenesis, migration, growth and survival \[[@CR97]\]. ECM provide the tumor microenvironment with a rich source of proteins that bind with integrins responsible for angiogenesis. These are: tenascins, small integrin-binding ligand N-linked glycoproteins (SIBLING) and CCN \[which is the acronym for cysteine-rich protein 61 (CYR61), connective tissue growth factor (CTGF) and the nephroblastoma overexpressed (NOV)\] family. They mostly play with αvβ3-integrins and mediate proliferation and survival of EC acting together with the VEGF-1 and VEGF-2 signalling pathways \[[@CR97]\]. Osteopontin, one of the SIBLINGs family stimulates angiogenesis directly by upregulation of cyclooxygenase expression in TAMs \[[@CR98]\].

A high tenascin expression was shown in many cancers including ovarian and correlated with a poor prognosis \[[@CR99]\]. Besides proangiogenic activity, osteopontin promotes survival of ovarian cancer cells by the activation of the PI3-K/Akt pathway \[[@CR100]\] and is associated with invasiveness of cervical cancer \[[@CR101]\]. CCN1 mRNA and protein levels are increased in ovarian cancer cells as well as in endometrial carcinoma and indicative of a poor prognosis \[[@CR102], [@CR103]\]. Expression of CCN3 assessed in cervical cancer cells was positively correlated with vascularization, stage of the disease and lymph node involvement \[[@CR104]\].

Hyaluronic acid {#Sec10}
---------------

A component of ECM, hyaluronic acid (HA), participates in differentiation of TAM towards the M2 phenotype \[[@CR105]\]. In vitro research, it was discovered that tumors rich in fibroblasts deprived of HA synthesis showed decreased infiltration with monocytes and TAM \[[@CR106]\]. It should be clearly stated that pro-inflammatory properties of HA are specific for the subtype of HA which is a low molecular weight hyaluronic acid (LMWHA)---a product of HA degradation. LMWHA increases the synthesis of MMP-12, IL-10 and IL-12 by macrophages acting mainly through toll-like receptor (TLR)-2 and TLR-4 \[[@CR107]\]. The direct role of LMWHA in angiogenesis is associated with stimulation of EC proliferation and their increased motility. Two main receptors for HA are involved in these processes: CD44 (variant 8--10) and RHAMM (Receptor for HA-mediated motility) \[[@CR108]\]. Contrary to LMWHA, high molecular weight HA (HMWHA) seems to play an anti-angiogenic role by maintaining vascular barrier integrity \[[@CR109]\]. HMWHA acts through CD44 receptors but not through 8--10 variants \[[@CR110]\]. Overexpression of HA synthase, resulting in overproduction of HMWHA, is associated with lower tumor growth but only in cases where the activity of hyaluronidase is low. Over co-expression of both HA synthase and hyaluronidase activates the process of tumor angiogenesis, thus supporting the opposite function of HMWHA and LMWHA \[[@CR111]\]. Macrophages can also stimulate the degradation of HMWHA through a combined action of hyaluronidase and reactive oxygen species \[[@CR112]\]. However, the ratio of degradation can differ between histologic types of cancer.

In ovarian cancer, mucinous and clear cell carcinoma are characterized with a high activity of hyaluronidase, while in ovarian high-grade serous carcinoma the activity of hyaluronidase is low \[[@CR113], [@CR114]\]. A similar observation was made in endometrial endometrioid cancer, where the level of HA synthase was stable and hyaluronidase activity was reduced, thus resulting in a high concentration of HA \[[@CR115]\]. Overall, the level of HA in the tumor-associated angiogenesis could be an important factor but larger studies are necessary to understand its significance.

Fibronectin {#Sec11}
-----------

Fibronectin, another compound of ECM, is typically involved in fetal vasculogenesis and rarely found in an adult vascular network. However, under pathologic conditions, fibronectin synthesis starts again \[[@CR116]\]. Fibronectin binds to the α~5~β~1~ integrin which is upregulated during tumor angiogenesis \[[@CR117]\]. Activation of both α~5~β~1~ and α~v~β~3~ integrin with fibronectin leads to prolongation of EC survival and is necessary in vascular morphogenesis \[[@CR118]\]. Interestingly, the migration of EC is achieved after activation of FGF receptor-1 by fibronectin together with β~1~ integrin \[[@CR119]\].

In metastatic ovarian cancer, fibronectin is released from mesothelial cells after their stimulation with TGF-β as only mesothelial cells undergo a process of endothelial to mesenchymal transition (EMT) \[[@CR120]\]. Fibronectin is elevated in advanced ovarian cancer and its level is associated with a poor prognosis \[[@CR121]\]. The EMT process can be activated by the ovarian cancer cells alone and by another inflammatory cytokines from myeloid-derived cells \[[@CR120], [@CR122]\].

Thrombospondin {#Sec12}
--------------

Thrombospondins stay on the other side of angiogenesis, being a potent inhibitor of this process. They are ECM glycoproteins, produced by fibroblasts, endothelial cells, blood platelets and immune cells \[[@CR123]\]. Thrombospondins act mainly through CD36 and CD47 to inhibit the proliferation of EC and stimulate their apoptosis \[[@CR124], [@CR125]\]. Thrombospondin-1 is a positive modulator of antitumor immune activity by increasing the M1 number in the TAM population \[[@CR126]\]. Contrary, an intensive inflammatory process deactivates thrombospondin-1 by secretion of neutrophils proteases. This is especially interesting for metastatic growth in different organs. Ablation of neutrophil proteases by genetic modification decreased the number of lung metastases \[[@CR127]\].

The level of thrombospondin-1 negatively correlates with the level of vascularization and aggressiveness in endometrial cancer \[[@CR128]\]. Similar findings are characteristic of ovarian carcinoma cells. The aggressiveness is higher with a decreasing level of thrombospondins expression \[[@CR129], [@CR130]\]. It seems that such an effect is not only associated with intensive angiogenesis in the absence of thrombospondins but with the switch from M1 to M2 TAM population as well.

Extracellular matrix is, therefore, not only the scaffold for creation of new vessels and cellular migration, but its components are actively embedded in complex processes between inflammation, new vessels creation and tumor growth.

Summary {#Sec13}
=======

The process of angiogenesis is complex, and therefore, it is extremely difficult to distinguish a role of any single factor.

The most dominant immunocompetent cells are macrophages with two opposite phenotypes of which, M2 are associated with secretion of proangiogenic cytokines, mainly VEGF and others like Il-6, IL-4, TGF-β. The dual role of these cytokines associate proangiogenic with their chemotactic properties, thus augmenting the inflammation process inside the tumor parallel to angiogenesis. Generally, for gynecological tumors, there is a positive correlation between the concentration of macrophages, angiogenesis and advancement of a disease. Blockade of transcription factors like NFκB, which are overstimulated with angiogenic cytokines, leads to a reversion of the inflammatory process towards "anti-tumor" behavior, as it was proven in ovarian cancer.

The correspondent behavior is characteristic for neutrophils. Similarly, two distinct populations can be distinguished and N2 represents the protumorigenic one. The angiogenic feature of N2 neutrophils is associated not only with a direct secretion of cytokines like VEGF, CXCL8, but also deliberation of these cytokines from ECM after digestion the ECM with MMP-9. In ovarian cancer, as well as in endometrial cancer, dualistic angiogenic and mitogenic role of TANs cytokines is observed. The diversity of different cytokines released by TANs is the possible explanation for failure in antiangiogenic treatment based on anti-VEGF therapy.

Mast cells, which are widely known as proangiogenic cells, release many proangiogenic cytokines as well as MMP-9, releasing VEGF from ECM in the same way as neutrophils. Despite some controversies, it seems that mast cells presence is positively correlating with tumor growth especially in cervical cancer. In experimental studies, blockade of H~1~R decreased invasiveness of HPV-related cervical carcinoma.

TILs role depends on their phenotype, with CD103^+^ being a good prognostic factor in endometrial and cervical cancer. Nevertheless, their contribution in tumor inhibition is rather associated with direct activity than antiangiogenic properties.

The role of another important player should be raised, which is the ECM. Components of ECM are not only the passive scaffold for the cells, but may play an active role as chemokines and angiogenesis stimulators.

Fragments of collagen, formed after TAMs and N2 activity augment growth of endothelial cells and their concentration is related with poor prognosis of ovarian cancer patients. Next, increased concentration of integrin activators like tenascins, SIBLINGs and CCN leads to increased angiogenesis, especially in ovarian and advanced endometrial cancer.

LMWHA increases infiltration of tumor tissue by M2 macrophages, as well as stimulates endothelial cells proliferation and migration. Activation of hyaluronidase by macrophages, and sequential increase of LMWHA is observed in specific ovarian cancer subtypes like mucinous and clear cell carcinoma, contrary to serous carcinoma. The role of hyaluronidase in ovarian cancer development still need clarification.

Fibronectin, usually active in fetal development only, is reactivated after stimulation of mesothelial cells with TGF-β released from active macrophages. Fibronectin stimulates both α~5~β~1~ and α~v~β~3~ integrin in endothelial cells, thus increasing angiogenesis. The elevated level of fibronectin is associated with progression of ovarian cancer.

The inhibitor of angiogenesis---thrombospondin, is deactivated after activation of neutrophils. The level of thrombospondin is negatively correlated with aggressiveness of both endometrial and ovarian cancer.

Summing up, inflammatory process seems to be an inseparable part of a tumor's growth---both as a response of the host against the tumor and stimulated by the tumor itself. Cytokines, growth factors, chemokines etc. released by immunocompetent cells can provide a side-effect of stimulating angiogenesis and further tumor progression. Inhibition of the inflammatory process, or reversing back the cells towards anti-tumor phenotype, could give another advantage with inhibiting the angiogenesis. The development of gynecological cancers, as it has been shown, is associated with increased vascularization, thus the pathogenesis of vascular network development is especially interesting for new concepts of anti-tumor therapies, if possibly targeted, without a toxic effect to other systems.

bFGF

:   Basic fibroblast growth factor

CCL2

:   Chemokine (C--C motif) ligand 2

CCN

:   CYR61, CTGF, NOV

CRH

:   Corticotrophin-releasing hormone

CSF-1

:   Colony stimulating factor 1

CTGF

:   Connective tissue growth factor

CXCL12

:   C--X--C motif ligand 12

CXCR-4

:   C--X--C motif receptor-4

CYR61

:   Cysteine-rich protein 61

ECM

:   Extracellular matrix

EMT

:   Endothelial to mesenchymal transition

G-CSF

:   Granulocyte colony stimulating factor

H~1~R

:   Histamine receptor-1

HA

:   Hyaluronic acid

HIF-1α

:   Hypoxia-inducible factor-1α

HMWHA

:   High molecular weight hyaluronic acid

IL

:   Interleukin

INF-γ

:   Interferon-γ

LMWHA

:   Low molecular weight hyaluronic acid

MAPK

:   Mitogen-activated protein kinase

MCP-1

:   Monocyte chemoattractant protein-1

MMP

:   Matrix metalloproteases

NFκB

:   Nuclear factor-κB

NOV

:   Nephroblastoma overexpressed

OS

:   Overall survival

PFS

:   Progression-free survival

RHAMM

:   Receptor for hyaluronic acid-mediated motility

SIBLING

:   Small integrin-binding ligand N-linked glycoproteins

TAM

:   Tumor-associated macrophages

TAN

:   Tumor-associated neutrophils

TGF-β

:   Transforming growth factor beta

TIE2

:   Tyrosine kinase with immunoglobulin-like and EGF-like domains 2

TILs

:   Tumor-infiltrating lymphocytes

TNF-α

:   Tumor necrosis factor-α

uPA

:   Urokinase plasminogen activator

VEGF

:   Vascular endothelial growth factor

VEGFR-1

:   Vascular endothelial growth factor receptor-1

YAP

:   Yes-associated protein
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